Abstract Foraging behaviour of two individuals of the endangered Spotted Greenshank Tringa guttifer was studied for 1.5 h. The birds foraged actively on an extensive intertidal mudflat during the autumn migration.
Introduction
The Spotted Greenshank Tringa guttifer (Nordmann, 1835) is a large wader, whose known breeding places seem to be restricted to Sakhalin Island (Kuroda, 1936) , Sea of Okhotsk, USSR (Nechaev 1982, '90) . Its limited range in the boreal zone suggests it is a relict species (Ploeger 1968 ). The population of T. guttifer seems to have dramatically decreased during this century and it may be in danger of global extinction.
As little detailed information about the biology of the species is available, it seems worthwhile to publish even small notes on its biology. Such knowledge may also be useful for the conservation of this endangered species. This paper describes some feeding observations made in Korea and discusses the importance of Korean mudflats for the survival of the small population.
We thank Dr Pyong-Oh Won for advice, Mark Eldridge and Eun Mee Park for their help during the observations and the benthos sampling, Colin Poole for comments on our first draft, and Ferris Miller, WWF (Project 3523) and ICI Korea Ltd for funding. The sediment consisted of wet, soft mud (we sank up to the knees) with some deep meandering gullies. As the flat emerged, the surface of the mud was smooth, but soon after thousands of mudcrabs Macrophthahnus japonicus and other macrobenthic animals came to the surface, giving the flat a rough appeareance.
While we were wading through the mud taking samples, nearly all the animals retreated into the substrate. Only small gobiid fish (Acanthogobius hasta) remained, jumping over the mud to seek protection in crab holes, and some stiff, hard-shelled crabs (Philyra pisum) stayed immobile on the surface. Loud clicks were frequently heard from Alpheus shrimps hidden in holes. Around places where mud had been disturbed by sampling, hard-shelled gastropods (Reticunassa festiva) surfaced. They were scavengers, Table 1 . Density and biomass of macrobenthic fauna in a high intertidal mudflat in Asan Bay, Korea, 9 September 1989. (+ means less than 0.05g).
probably attracted by the smell of damaged invertebrates. Only 13 macrobenthic species were found in the samples; none in very high densities. However, the total biomass of 24g ADW is high due to the relatively large size of some animals. Decapod crustaceans dominated the biomass, but nereid worms and molluscs were also numerically important (Table 1 ). The main animals seemed rather evenly distributed, occurring in 73 to 80 % of the cores.
Feeding Behaviour
The two Spotted Greenshanks were among birds that appeared and started to forage soon after the flat became accessible by the falling tide. The birds hunted independently. However, they remained obviously together on the immense flat during the whole period of observation (about 1.5h). Their mutual distance was only occasionally more than 5 to 20m.
They were feeding actively with short runs of on average 8.6 paces, interrupted by short stops with a duration of on average 3.5sec (Table 2) . Frequent short, low flights were made over 10-20m, sometimes more when a wide circle was made, the bird returning to the place from where it took off. At first sight, it seemed that they foraged always in the centre of areas without crabs. However, this was because the crabs quickly buried themselves in the mud when a bird approached. The crabs surfaced again when the bird had passed. The large crabs disappeared earlier than the small ones, probably because they had a wider horizon, with their eyes on longer stalks (Fig. 1) . The birds were more or less continuously running or flying after crabs near their horizon. We did not see any probing for hidden prey. They obviously neglected the small fish (Acanthogobius hasta) that crawled over the mud and the numerous shrimps (Exopalaemon carinicauda) in the small gullies that they often crossed.
Prey was always M. japonicus with a carapace width of about 15-20mm (30-40 of the length of the bird's bill). This means that the largest and the smallest crabs were Note the difference in length of the eye-stalks, which makes large crabs more alert to danger than small crabs. neglected (Fig. 2) . The crabs were caught after a run or a short flight. They were severely shaken before being swallowed. Legs that fell off were taken last. Some crabs were washed before being swallowed. One crab was robbed by a Black-tailed Gull (Larus crassirostris) while the Spotted Greenshank was washing it in a small pool.
Discussion
Similar hectic foraging methods have been observed in Spotted Greenshank on the intertidal mudflats in Hong Kong (Kennerly & Bakewell 1987) and along water edges in the wintering sites in Thailand (Bijlsma & De Roder 1986 , Howes & Lambert 1987 . Howes & Lambert (1987) also described a slow moving method with much pecking in tidal pools; Long et al. (1988) saw a more plover-like behaviour with long stops.
Crabs seem to be the main prey in Thailand and Korea, although Howes & Lambert (1987) twice noted fish. Fish (Pungitius pungitius) and insects are probably the main prey in the vicinity of their breeding grounds (Nechaev 1982 , quoted by Howes & Lambert 1987). Howes & Lambert (1987) mentioned that crabs of up to 40mm carapace width were taken in Thailand and Bijlsma & De Roder (1986) mentioned crabs of up to 60mm. These must be errors. It is doubtful if carapaces wider than 20mm can be swallowed by Spotted Greenshank. Far Eastern Curlew (Numenius madagascariensis), Eurasian Curlew (N. arquata), Whimbrel (N. phaeopus), and Terek Sandpiper (Tringa cinereus) competed for crabs with the Spotted Greenshank on our study site. However, the larger Numenius species mainly probed for prey and took larger specimens. Only the smaller Terek Sandpiper used the same method as the Spotted Greenshank (fast running without probing), but it took only crabs with an estimated carapace width of 7-12mm.
The estimated mean M. japonicus taken by Spotted Greenshanks had a carapace width of 17.5mm. Mudcrabs of this size represent 0.53g ADW. The birds took on average 1.2 crabs per 5min (Table 2) . These together give an estimated consumption of 0.13g ADW per minute of active foraging. Too few data on food intake are available at the moment to see if the feeding method of T. guttifer is as efficient as that of other species. However, the described feeding methods seem well adapted to various circumstances and our impression was that food was plentiful and the level of interaction low. Macrophthalmus species and other crabs are not only abundant on mudflats in Korea but also in the currently known wintering quarters in S. E. Asia. It therefore looks as if food in the non-breeding areas is not responsible for the low population size of the Spotted Greenshank.
There are 6 palearctic Tringa species (nebularia, cinereus, erythropus, totanus , stagnatilis and guttifer) for which intertidal flats are important biotopes during the nonbreeding period. The wintering areas of these species overlap and are situated between Africa and Australia. Only guttifer is restricted to the Indo-Malayan region. During the last glacial period, these species found several refuge areas south of the tundras and inland ice sheets, from eastern Siberia through Kazakstan, southern Russia to western and southern Europe. After the amelioration of the climate, most bird species shifted their breeding areas according to the new circumstances. However, guttifer survived only in the Okhotz area where the summer temperatures probably remained as before.
It has behaved as a relict, unable to occupy more of the boreal zone than the surroundings of its former refuge. Such conservative behaviour or lack of dispersal capacity is thought to make this relict species most vulnerable to changes in their breeding area. Hunting practice as mentioned by Howes & Parish (1989) was probably not selective enough to reduce the small population relatively more than the other wader species. Low numbers have been seen in the wintering areas during surveys of the Asian Wetland Bureau (Howes & Lambert 1987) . Breeding of T. guttifer is only known from Sakhalin Island. Recently, indications were found that the whole breeding population on the island may be only 30-40 pairs (Kondratiev 1988, quoted in Ibis 131:454) . Between 98 and 135 individuals were seen in South Korea during an extensive survey in May 1988 (Long et al. 1988 ). As probably not all individuals were discovered and some may have been in North Korea or elsewhere, it is likely that the breeding population is indeed somewhat larger than the recent Russian estimate. It has been suggested that the species may also breed elsewhere along the Okhotsk Sea as birds have been observed there during the breeding season (Nechaev 1990) .
The occurrence of the Spotted Greenshank in Korea is restricted to two relatively short periods: In spring (9 observations between May 1 and 22) and in autumn (7 observations between September 4 and October 13). This indicates that Korean mudflats are of the utmost importance to the survival of the species. The stay in spring is one of the last opportunities for the birds to collect energy in the tidal zone for their flight to their breeding grounds in the north. It may well be that the food reserve collected here has also to be used for part of the egg laying and incubation as found in other birds breeding in the high north (Ebbinge et al. 1987) . The stay in autumn, on the other hand, is the first opportunity for them to feed on rich feeding grounds and to start the important prebasic moult before leaving for the wintering grounds in S. E. Asia. Therefore, the intertidal feeding grounds in Korea seem to be crucial for the survival of the species.
